Technical analysis (TA) and its different aspects are widely used to study the capital market. In the traditional approach, this analysis is used to determine the probability of changes in current rates on the basis of their past changes, accounting for factors which had, have or may have an influence on shaping the supply and demand of a given asset. In the practical sense, TA is a set of techniques used for assessing the value of an asset based on the analysis of the asset's trajectories as well as statistical tools.
Introduction
Technical analysis, in addition to fundamental and portfolio analysis, is a tool used for analyzing the capital market and forecasting (ZIELONKA 2006, p. 19) . Portfolio analysis is used to diversify investment risk by constructing a complex asset portfolio (ŁUNIEWSKA 2012, p. 11) , while accounting for systematic (market) and specific (non-market) risk (SZYSZKA 2009, p. 24) . Fundamental analysis is used to determine the internal value of an asset on the basis of macroeconomic, sector and economicfinancial (microeconomic) analysis, and is a long-term investment technique (ŁUNIEWSKA 2012, p. 11) . Technical analysis, on the other hand, is a tool of short-term analysis, and is used to predict turning points in asset prices, determine the probability of changes in current rates on the basis of their changes in the past, and, generally speaking, for the observation of market trends (ŁUNIEWSKA 2012, p. 67) . TA is used in regards to the capital market, though its application appears to be possible also in the analyses of the real estate market while accounting for its specific features. This observation is of a hypothetical nature, and the deliberations and studies carried out in the present work aim to establish, by an attempt at verifying the posed hypothesis, if there are grounds for www.degruyter.com/view/j/remav
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formations that influence prices, but prices that influence trends and analytical formations by means of a group of price-forming determinants of the market. An expression of this is not the seeking of causes of price trajectories by TA, but instead its turning points (MURPHY 1999, p. 3) . Another rationale behind using TA for market analysis pertains to the strong conviction regarding the trends of real estate prices. This assumption is also key in regards to the real estate market, on which market trends become the basis for or are connected with real estate valuation (TSATSARONIS, ZHU 2004, p. 69) , forecasting, and other analyses (KUCHARSKA-STASIAK, SCHNEIDER, ZAŁĘCZNA 2009, pp. 101-104 ). An example can be the conviction as to the strictly increasing tendency of real estate prices at the time of the speculative boom (ROUBINI, MIHM 2010, Chapter 1) . This is also an excellent example of history repeating itself -booms and busts occur one after another, whereas price bubbles are created despite understanding the genesis and mechanisms of earlier cycles and crises (SHILLER 1990 (SHILLER , 2009 ).
Data and methods

Tools of technical analysis
The basic tools of technical analysis are groups of methods connected with: 1) trends, 2) formations, read based on graphs and 3) indicators. The best known graphs are those of stock prices which record the prices of stocks and numbers of sessions (see ŁUNIEWSKA 2012, p. 69; MURPHY 1999, pp. 35-47; ACHELIS 2001) , as well as candlestick charts (e.g. WAGNER, MATHENY 1994; NISON 1994) , which are similar in nature to statistical box plots (ACZEL 2011, p. 50) . Candlestick charts in reference to the Polish real estate market were designed by GDAKOWICZ (2014; . These charts are used to assess a price trends (declining, inclining or horizontal) by presenting changes in the listings of stocks in the accepted time interval, e.g. daily or weekly (see MURPHY 1999, pp. 35-47 ). The precise analysis of trends is possible by calculating moving averages (e.g. GUNASEKARAGE, POWER 2001; ELLIS, PARBERY 2005) and observing price channels and various trend formations: continuation or reversal patterns (MURPHY 1999; EDWARDS, MAGEE, BASSETTI 2007) , with the simultaneous use of a few methods. These observations are confirmed with the aid of calculated indicators, e.g. Bollinger Bands. Literature contains reports confirming the use of the mentioned methods for real estate market analysis (QI, WAN, ZHANG 2011; citation based on summary of article). In a further section of the present work, particular attention is given to the technical analysis of a trend and formations, and to a lesser degreeindicators.
Subject and scope of studies
The subject of studies were residential real estate prices on the Olsztyn real estate market. The period under study covered a 10-year time frame: [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] . The data selection criteria pertained to real estate floor surface area: purchase-sale transaction prices of flats 25-100 m 2 were accepted for the study. Limitations in terms of the ownership rights to real estate and the parties to the transaction were not made. The database covered 16,033 transactions. The study was carried out on monthly average prices calculated based on the arithmetic mean of all prices recorded in the Register of Real Estate Prices and Values of the Olsztyn City Hall in accordance with the assumed scope of the study. Monthly aggregates of prices were used as the basis for the study as opposed to hourly, daily or weekly ones as is the case on the capital market because: 1) this is the commonly assumed time interval for studying the REM, 2) due to the specifics of the REM described above, 3) due to the long time frame of the data (120 analytical periods). Nevertheless, prices on the real estate market are registered on a daily basis, which is why an attempt was made to carry out technical analyses in the selected problematic subperiod on daily data (the details have been described in the part of the work regarding research results).
Study aim
The accepted database and scope of studies appear to be particularly attractive in terms of trend analysis as a speculative bubble took place on the market during the assumed time frame (see BRZEZICKA, WIŚNIEWSKI 2016A). Other types of analyses (fundamental analysis of capital markets, mixed analyses, prognostic models) were not able to determine the turning points of price trajectories from an ex ante perspective, becoming visible in the ex post perspective when the bursting of the speculation bubble took place. These premises became the basis for formulating the study aims and took on a utilitarian dimension. analysis; 2) assessing whether the turning points of price trajectories in a speculation period can be predicted with the use of technical analysis, 3) determining the breaking point in a given interval of time foreseeing the burst of the speculation bubble in 2008.
Tools of technical trend analysis
Understanding a trend in reference to the real estate market is different than in the case of the capital market. In the technical and narrower sense, a trend on the real estate market is a trajectory of prices (see ROEHNER 1999; ZHOU, SORNETTE 2006; BRZEZICKA, WIŚNIEWSKI 2016b) set out based on a certain aggregate of prices in a unit of time, e.g. the arithmetic mean or medians (see KULESZA, BEŁEJ 2014, pp. 214-215) . In a broader sense, price trends are the tendencies taking place on the real estate market and in its surroundings (ŹRÓBEK 2006, pp. 24-25) . In the case of the technical analysis of the capital market, a trend is simply the directions of the market -which way it is moving (MURPHY 1999, p. 49) , whereas in the specialized approach, a trend is comprised of the peaks and troughs of activity on the price charts of an asset (MURPHY 1999, pp. 49-50) . They are determined using resistance and support lines and their breaks, trend channels and channel lines, and turning points of trends and formations (see ŁUNIEWSKA 2012, p. 68).
Study results
First, the usefulness of applying a logarithmic scale for the analysis of real estate prices was assessed (see Fig. 1 ). The logarithmic scale is widely used by stock market analysts to construct stock charts, as it allows for covering a large range of values and has a high axis span. It is applied to illustrate the dynamics of changes if large differences occur between the analyzed values, and to show percentage changes in value, e.g. in the case of a logarithmic scale, a change from 10 to 20 (increase of 100%) is shown by the same segment as in the case of a change from 20 to 40, or 40 to 80 (numerical example: MURPHY 1999, p. 40). The database of transaction prices has been presented using the arithmetic (linear) scale (Fig. 1, left) , logarithmic scale ( Fig. 1, middle) , and logarithmic scale with adapted axis intervals ( Fig. 1, right) . Visual analysis indicates that in the case of real estate prices, it is appropriate to leave analyses in the arithmetic scale due to reflecting actual market prices. The logarithmic scale can be applied to complement the analyses, but not as the basic measure. The dynamics of real estate prices is smaller than the dynamics of stock prices; the highest monthly price is approximately three times the minimum. Further studies will be carried out in the linear scale as the main scale, and in some cases, the logarithmic scale will also be used to complement the analyses. Figure 3 . Trend analysis using technical analysis was carried out on both of these graphs. The turning points, as well as upper and lower extreme points were key. The most important elements have been indicated in color and described in a later part of the text. Fig. 2 ), and next, the trend channel line was observed to break on the upside, thus changing the dynamics of the upward trend (steeper angle) (navy blue lines, Fig. 2 ). In this light, the "peak" in 2006 forecasted further increases and changes in the rate of increases. In February 2008, the peak price at a level exceeding 5,000 PLN/m 2 was reached, and this signaled a break in the trend on the downside, initiating slight decreases (Fig. 2) .
This mechanism is known to technical analysis. Developed by DOW (NELSON 1903 , DOW 1920 , on the basis of MURPHY 1999, pp. 26-27), it assumes a three-phase change of the main trend. First, the accumulation phase occurs, based on buying stocks by experienced investors when bad information had already been discounted by the market. The second phase is accompanied by numerous new decisions regarding the purchase of stocks, made based on the technical analysis of the upward trend. The third phase is characterized by the massive involvement of investors on the market, optimistic reports in the media, and investment optimism. In this phase, mature and rational investors begin to sell stocks and the price falls. This theory can be partially explained by the mechanism of dynamic increases in prices and their drops, however it is not unique in its nature. In reference to the real estate market, similar theories exist explaining the mechanism behind the creation and bursting of price bubbles (see e.g. RODRIGUE 2013). In accordance with the assumptions of technical analysis, the trend is continued until the occurrence of clear indicators showing that it has reversed. Different results for this period of analysis were observed when analyzing the graph constructed on the basis of the logarithmic scale (Fig. 3) . The period 2006-2008 is characterized by an ascending triangle formation (MURPHY 1999, p. 119) , forecasting the continuation of the trend and further price increases. In the ex post perspective, the interpretation turned out to be wrong. Also interesting is the observance of a change in the levels of support and resistance (Fig. 2) Fig. 2 ) (MURPHY 1999, pp. 123-124) . This is an untypical formation of the triangle; its basic version involves the peak of the triangle being located right of its arms, and depending on the market situation (upward or downward trend) and the location of its peak (ascending or descending triangle) is interpreted differently (ŁUNIEWSKA 2012, p. 80) . The inversion of the triangle formation as in Fig. 2 (green color), is interpreted as the loss of control of the market, dictated by emotions. In accordance with the stance taken by ARMS (1997, p. 1), technical analysis is beneficial to those who will make logical use of the emotional nature of the market. In the case of the formation of an inverse triangle, changes in volume, which increases along with an increase in the amplitude of prices, are also assessed (MURPHY 1999, pp. 123-124) . In reference to this formation, the course of volume trajectories was assessed. Volume was defined as the number of purchase-sales transactions entered into in the analyzed time interval. The study indicated that the volume remains at a relatively stable level. The inverse triangle formation (Fig. 2) was noted in the period IX-2007 to V-2010 (33 months) in the first variant, and XI-2007 to V-2010 (31 months) in the second variant. In both cases, standard deviation amounted to 13 transactions with an average of 56 and 57 transactions per month, which gives a variation coefficient at the level of 23%.
The last stage of the technical analysis of a trend -the period between 2011-2013, is difficult to interpret; there are problems with establishing the levels of support and resistance, while the means of establishing them will influence and determine specific patterns. Analytical difficulties resulting from properly establishing the trend line, trend channel, and levels of support and resistance can be seen in Figures 2 and 3 in the form of green and blue lines.
The conclusions which come from the carried out trend analysis clearly indicate that technical analysis makes use of schemes and tools the application of which in reference to the real estate market has a loose and unclear character (e.g. blue lines in Fig. 2) . The shape of the formations results from the means and accuracy of setting out lines and the interpretation of the market situation, and thus has more of a subjective nature. Moreover, the patterns are significantly spread out over time -one pattern is a period of a few months up to as many as two years; thus, in order to be able to carry out interpretation, the end of this pattern and beginning of the next must be observed. Moreover, in the case of time delays in the influx of market information, as well as delays in discounting the available information by the market, the forecasting of real estate prices and establishing turning points of price trajectories becomes a very imprecise market analysis tool. For example, in the period of the bursting of the shallow speculation bubble on the analyzed market, i.e. at the beginning of 2008, a clear basic pattern forecasting a trend change -the head and shoulders top, did not occur (MURPHY 1999 , ŁUNIEWSKA 2012 OSLER, CHANG 1995) . What is more, the carried out studies are dependent on the assumed time interval; for a different interval, the study may provide other conclusions.
In order to clarify the results in the period of the speculation bubble burst, a technical analysis of the market in a daily interval was carried out. A 3-month period of time from January to March 2008 was accepted for the analysis. The highest price for real estate on a monthly basis was noted in February 2008, thus February and the month preceding and following the peak price were selected for analysis. Prices in a daily interval were obtained as arithmetic means of all transactions noted on a given day. Daily prices and daily volumes have been presented in Figure 4 , whereas Fig. 5 presents a box plot on a daily basis. In the analyzed period, three schemes were observed: in January 2008 an upward trend channel was observable until Feb. 2, 2008 (red color, Fig. 4) , in February 2008 a change displayed in the form of a trend channel with an almost horizontal character (with a slightly upward tendency) took place on the market (blue color, Fig. 4) , while in March 2008, the formation of a symmetrical triangle was observed (green color, Fig. 4) . A long-term channel with a decreasing tendency was also charted (light blue color, Fig. 4 ) in the period when the short-term channel displayed an increasing tendency. Based on the carried out analysis, the change of market price www.degruyter.com/view/j/remav Vol. 24, No. 2, 2016 trajectories in February 2008 became visible and price decreases were noticeable. However, it is worth noting that the peak price on Feb. 4, 2008 was noted based on one transaction, which can lead to mistakes in interpretation. Moreover, the analysis of box plots (analogical candlestick charts) (see Fig. 5 ) does not indicate a dynamic change in price trajectories, and even based on the constructed chart, a period of higher real estate price stability is observable in February than in January and March. Conclusions which can be drawn from the carried out study confirm the supplementary nature of technical analysis on the real estate market, which may be one of many, but not the sole tool for analyzing transaction prices. As a result of the analysis, information about the occurrence of an inflection point of price trajectories (price breaking point) was obtained, but the analysis may be imperfect due to the lack of a specific sustained decrease after reaching the breaking price. The macroeconomic and social situation, and assessment of the condition of sectors connected with real estate (financial sector, building sector, etc.) ought to be indicated as factors supplementing the analysis. In a further stage of the studies, another tool of technical analysis was analyzed, i.e. Bollinger's Band (e.g. BOLLINGER 1992; LIU, HUANG, ZHENG 2006; ŁUNIEWSKA 2012, pp. 87-89) . It is comprised of two bands which are variable in time, setting out the course of trend trajectories. The upper line is the sum of the periodic moving average and standard deviations of value. The lower line is the difference between the periodic moving average and standard deviations of value. When implementing the method for the real estate market, moving averages calculated based on the arithmetic mean of all prices available in the subsequent analyzed periods (in months) were used. Usually two standard deviations ( 2 are used based on the two sigma rule, according to which the range of 2 standard deviations upwards and downwards of the average covers 95% of observations (STANISZ 2006, p. 122; ACZEL 2011, pp. 36 ). Prior to calculating Bollinger's Band, the trajectories and smoothing degree of the 3-, 6-and 12-period moving average was assessed (see Fig. 6 ). A three-period moving average was assumed in order to assess whether the period of 1 quarter will make it possible to observe significant changes in price trajectories. Three-period (quarterly) moving averages were constructed based on the arithmetic average from all transactions in the next analytical period (month). Standard deviations were also calculated for three periods, the same as those which the moving average pertained to. The results have been compiled in Figure 7 . The calculations show that the presented tools designed in accordance with the above described methodology cannot be fully applied to the real estate market due to low accuracy. The results are determined by values of standard deviation which changes dynamically due to the heterogeneous character of the real estate market described above. Calculating Bollinger's Band based on two standard deviations is correct only when the distribution of the random variable will be a normal distribution, as only then will the assumption that approximately 95% of the value of the variable will fall into the calculated range be fulfilled. The normality of distribution of average monthly prices was assessed using the Lilliefors and Shapiro- Wilk tests. The results of the test, along with a histogram, have been presented in Figure 8 . The interpretation of results is as follows: the zero hypothesis of normal distribution ought to be rejected; the analyzed distribution is not a normal distribution, p-value <0.01. The variability of real estate prices in the 10-year period is too large to talk of a normal distribution. The results of the carried out study, based on the accepted calculation methodology, clearly confirm that the presented tool cannot be applied to the analyzed real estate market. 
Summary and conclusions
The carried out research makes it possible to make a few observations. Firstly, the specific nature of the real estate market is not favorable to and does not allow for, based on the assumptions made, the full implementation of tools of technical analysis for the analysis of the real estate market. Elements which make implementation difficult on the side of the real estate market are: the heterogeneous structure of the real estate market, the significant differentiation of prices and fact that the subjects of trade are not identical, variable time and place of making transactions, highly variable volume in a constant time interval, information delays of the market and delays in discounting information of the market, and low market transparency. Elements making implementation difficult on the side of technical analysis are: the shot-term nature of analyses, which cannot be transferred to the real estate market in a simple manner, low accuracy and precision of the conducted analyses, and strong subjective character of analyses connected with the experience possessed by the analyst and familiarity with the market. The actual main aim of technical analysisi.e. determining the probability of changes in courses on the basis of changes in the past -involves a high dose of risk and uncertainty.
Secondly, in light of the carried out analyses, in accordance with the assumed methodology, the study hypothesis regarding "the possibility of implementing tools used in traditional technical analysis for analyzing the real estate market" cannot be fully verified, even through a prism of market limitations and the specifics of the real estate market, and can serve only as one of the complementary criteria. Those tools which were subjected to assessment did not provide clear results. Such specifics call for the precise selection of tools and methods to decrease the degree of uncertainty of the carried out analyses. Over the course of studies, two of the first aims were realized, while the third aim set out for the research section was realized only partially ("determining the breaking point in an interval of time forecasting the burst of the price bubble in 2008"), as the observations were not precise and the tools were not sufficient for diagnosing and making forecasts regarding the real estate market, even in the ex post perspective which, as a rule, is easier for analyses than the ex ante perspective. Thirdly, we cannot disregard that other tools of technical analysis, or the above-used tools upon applying a different methodology of implementation, could be used to analyze the real estate market. 
